Introduction
PATIENTS with traumatic tetraplegia have a progressive loss of muscle and collagen. As water retention occurs often, weight is not a good index of these losses. Creatinuria is a better index for muscle (Cardus, 1972) , except during periods of inadequate food intake . Hydroxyproline and hydroxylysine being hydroxylated on the amino acid chains reflect collagen metabolism. They are mostly excreted incorporated into polypeptides, but a small fraction is excreted free. The amino acid 3-methylhistidine is a constant, non age-related component of actin and myosin in all muscles except the heart; it is released in constant proportion with amounts of actin and myosin being broken down; it is not incor porated in new protein, and 92 per cent is excreted in the urine (Long, 1975) . In rats fed a low protein food, the fall in 3-methylhistidine is far larger than weight loss or reduction in creatinuria .
The aim of this experiment was to find out, first, if the excretion of the free hydroxyproline and hydroxylysine reflects collagen catabolism and can be utilised for evaluating any beneficial effects of therapy toward reducing the collagen losses; and second, if the absolute amounts of urine 3-methylhistidine, but not those per milligram of creatinine, are progressively reduced after onset of tetraplegia and are low in tetraplegics of long standing, in comparison with values found in healthy subjects. If such changes occur, the values of urine 3-methylhistidine can be used to calculate the rate of muscle loss by using the tables of Young et al. (1975) in order to assess the efficiency of adequate nutrition and physical therapy in maintaining muscle mass.
Method
To this day, ten patients and six healthy subjects participated in the study. Their characteristics and their grouping are shown in Table I . While they were in the hospital, the urine was collected daily to make 7-day pools. In the clinic and out of the hospital, urine for patients and healthy subjects was collected for 24 hours.
Chromatographic fingerprint of the free amino acids was carried out in a II9 Beckman amino acid analyser, on a column of cross-linked sulfonated styrene copolymer resin which was eluted with a lithium citrate buffer.
The excretion of the amino acids related to bone and muscle metabolism were compared between the three groups by variance analysis. (Table II) Only one subject in each group does excrete small amounts of the free proline. Total amino acid and the lysine excretion are similar in all tetraplegics, but less than in healthy subjects. Daily excretion of 3-methylhistidine is identical in early and late patients, but much lower than in healthy subjects; the excretion per milligram of creatinine is similar in the tetraplegic and the healthy group (0'23 ± 0'01 v. 0'26 ± 0'03 f-tmoles).
(b) Effect of the duration of paralysis on individual excretion of 3-methylhistidine in two patients
The data shown in Table III do not disclose a relationship between injury duration and 3-methylhistidine excretion.
Discussion
The results show that the free urine amino acids which are the precursors and the metabolites of collagen are not different in healthy or tetraplegic subjects, whereas hydroxyproline polypeptides and hydroxylysine glucosides are increased in early tetraplegia (Claus-Walker, 1975 and . Evaluation of these amino acids in polypeptidic and glycosidic linkage needs to be carried out on special columns, or after extensive hydrolysis, as free amino acids on another type of column. Daily urinary 3-methylhistidine is much higher in healthy than in tetraplegic subjects; there is no difference between early and late tetraplegics and in two patients no difference in urine collected at various periods after onset. The amount of 3-methylhistidine per milligram of creatinine was identical in all study subjects, which confirms that urine 3-methylhistidine, similarly to creatinine, depends in part upon muscle mass. The absence of visible changes in 3-methylhistidine excretion during 11 weeks in one patient and 32 weeks in another, indicate that other factors that decrease in muscle mass, influence the excretion rate.
It has been shown that patients with traumatic injury and no increase in blood ketones have twice more urine 3-methylhistidine than those with hyperketonemia because they have an excessive muscle protein breakdown (Williamson, 1977) . However, Hoover-Plow (1978) found that in rats, after surgery without ketosis, the breakdown occurs in muscle sarcoplasma, where the protein metabolism, mostly catabolism, is augmented, and in myofibrils, where the protein anabolism is depressed. These changes are the result of complex hormonal interplay (Munro, 1979) . It is likely that 3-methylhistidine, which fails to be incorporated in myosin, is excreted.
Conclusions
As none of the early patients studied had ketosis, it could be concluded that part of their urinary 3-methylhistidine was related to the metabolic response to injuries and part was related to the decreasing daily turnover of myosin and actin. In the late patients and in the healthy subjects, the urine 3-methylhistidine was related only to the turnover of myosin and actin. The dual origin of 3-methyl histidine during trauma suppresses its usefulness to assess the efficiency of adequate nutrition and physical therapy in maintaining muscle mass. -149 *** -3 *** + Ions +0·3ns -937 * 10·5 * -271 *** -3·3 ** -7005 *** -81 ** -142 * I·7ns -24ns -0·3ns -1043 * -13·5 * -283 ** -3.6 ** -7297 ** -93 * * significant at p = 0·05; ** p = 0·01; *** p = 0·001; ns, not significant. 
SUMMARY
Free amino acid chromatographic fingerprints obtained in automated analysers in 24-hour urines may help to quantitate muscle and collagen changes occurring after cervical spinal cord injury.
The technique was used to compare the urine of six healthy and ten tetraplegic men, 18 to 25 years old, three of whom became paralysed in diving, one in a mountain fall, one in the fall of a pipe, four in car accidents, and one in a football game. Nine weeks to 14 years after injury, the tetraplegics excreted less total free amino acids, lysine, and 3-methylhistidine than the controls, whereas hydroxy proline and hydroxylysine were similar in both groups. Values of urine 3-methylhistidine, measured 9, 13, 19 and 20 weeks post onset in one patient, and 9, 12, 16, 18,23, and 26 weeks post onset in another, were not related to the duration of paralysis. These results indicate that collagen and muscle metabolism may not be quantitated by measuring urine free amino acids. RESUME Le profile chromatographique des analyzeurs automatiques d'acides amines libres est peut-etre interessant pour evaluer les changements des muscles et du collagene qui suivent les lesions a la moelle epiniere cervicale. Cette technique fut utilisee pour comparer l'urine de 6 hommes temoins et de 10 hommes tetraplegiques, dont trois furent paralyses par des plongeons, un par une chute en montagne, un par la chute d'un tuyau, quatre par des accidents de voiture et un, dans un jeu de football.
De 9 semaines a 14 ans apres la lesion, les tetraplegiques excretent moins d'acides amines toteaux, de lysine, et de 3-methyl-histidine, que les temoins, tandis que l'excretion de l'hydroxyproline et l'hydroxylysine sont similaires dans les 2 groupes. Les valeurs de la 3-methylhistidine urinaire mesuree 9, 13, 19 et 20 semaines apres la lesion chez un tetra plegique et 9, 12, 16, 18, 23 et 26 semaines apres la lesion chez un autre, n'ont pas de rapport avec la duree de la paralysie. Ces resultats montrent que les changements du metabolism du collagene et du muscle ne peuvent pas etre evalues quantitativement par Ie mesure des acides amines libres de l'urine. 
ZUSAMMENFASSUNG

